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Enhancement of growth of group A P-hemolytic 
streptococci in mixed infections with aerobic and 
anaerobic bacteria 
Itxhalz Brook andJames D. Gillmore 
Naval Medical Research Institute, Bethesda, Maryland 
Objective: To evaluate the potential for mutual enhancement of growth of group A P-hemolytic streptococci (GABHS), 
and 11 commonly associated aerobic and anaerobic microorganisms frequently isolated in tonsillar infections. 
Methods: Enhancement was assessed by measuring the relative increase in colony-forming units (CFU) of GABHS and 
each of the 11 microorganisms inducing a subcutaneous abscess in  mice. 
Results: Of the 11 combinations of GABHS and aerobe or anaerobe, GABHS was enhanced in 10 cases and the other 
microorganism in 5, namely, Staphylococcus aureus, Haemophilus influenzae type b, Klebsiella pneumoniae, frevotella 
melaninogenica and Bacteroides fragilis. 
Conclusions: These findings confirm the mutual symbiotic enhancement of growth of GABHS in  the presence of other 
aerobic and anaerobic bacteria. 
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Group A P-hemolytic streptococci (GAUHS) are an 
important cause of pharyngotonsillitis. However, when 
core tonsillar tissue is cultured, GABHS are generally 
recovered mixed with numerous other aerobic and 
anaerobic microorganisms (4 to 1 0  different isolates per 
tonsil) [l-31. The interactions between GABHS and 
the other associated bacteria recovered niay influence 
the oiitcoiiie of the infection. Previous studies 
have demonstrated bacterial synergy between several 
anaerobic organisms and GABHS [4,51. However, the 
interactions between GA13HS and aerobic arid fsiculta- 
tive bacteria have not been previously evaluated. In this 
study, the potential for mutual enhancement and 
synergy between GABHS and other associated bacteria 
commonly present in tonsillar cores was evaluated by 
measuring the relative increase in colony-forming units 
(CFUs) of each bacterial coniponcnt of mixed infection 
in subcutaneous abscesses in mice. 
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MATERIALS AND METHODS 
Organisms 
The organisms in the study were all recent clinical 
isolates that had been kept frozen in skiniincd milk a t  
-70°C until needed. The strains included one isolate 
each of GAUHS and 11 other aerobic and anaerobic 
bacteria, namely, Haenrophilns ir$uenznc’ (type b and 
non-type b), Klcbsiclla pneinnoniri~, Stap/ry/oc~~crus a r u m s ,  
Fusol~ncti~rir t ni t I nr l  catrir n , I ’ O ~ ~ ~ I I ~ ~ O V ~ O  t ins [isnc-c-linroly tira, 
I’rwotcdla melanincpnira, P’rcvotella infiw~rcdia and 
nactevc~idt..s~fr~~ilis. The niicroorganisnis were identified 
by conventional methods [6,7j. 
P f ~ l f ( I S t ~ l ’ ~ f o f l J l ~ C U ~  //ffl ~/l/I.S, l ’ ( ~ , f ~ ! s f u ~ ~ t [ I l ~ c ~ i C l r S  ~IYi%”ltii, 
Bacterial capsule staining 
The presence of a capsule was established by Hiss 
capsule staining [ h] and confirmed by electron micro- 
scopy after staining with ruthenium rcd 181, which 
demonstrated a homogenous polysaccharide capsule 
external to the cell wall in all isolates except H .  
irtflti(vizac non-type b. 
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Animals 
Male Swiss albino mice, weighing 20 to 25 g each, were 
obtained from the Naval Medical Research Institute/ 
National Institute of Health (NMRVNIH) CV mouse 
colony. The mice were raised under conventional con- 
ditions. 
inoculation 
Frozen bacterial suspensions were thawed to room 
temperature, and subcultured on Schaedler anaerobic 
blood agar and incubated for 48 h at  37°C in an 
anaerobic glove box [7] in the case of the anaerobic 
bacteria, and in 5% carbon dioxide in the case of the 
aerobic and facultative bacteria. The bacterial strains 
were reinoculated on fresh media 24 h before injection 
into the mice. Cotton swabs were used to pick up the 
colonies from the culture plates and to transfer them 
to sterile normal saline. The bacterial suspensions 
prepared were equivalent to an 0.5 MacFarland 
standard. The number of CFU/mL was determined by 
plate count on Schaedler anaerobic blood agar. 
Experiment design 
The ability of the bacteria to cause abscess was 
determined by subcutaneous inoculation of pure 
culture (10' CFU) of each microorganism into groups 
of 6 mice for each isolate. To determine the in-vivo 
interaction between GABHS and the other bacteria in 
mixed infection, the GABHS strain was injected into 
the animals in combination with one strain of each of 
the other 11 microorganisms (Table 1). Each experi- 
ment was carried out three times with each organism 
or combination of organisms. To induce infection by a 
single microorganism, 0.1 mL of each suspension in 
saline containing 108 CFU of the appropriate bacteria 
was injected subcutaneously into each of the 6 mice in 
each study group. The number of organisms per 
inoculum was determined after preliminary studies had 
showed it to be effective in inducing abscesses with 
minimal mortality [4,5]. For induction of combined 
infection, two inoculates were mixed together so that 
each animal received a total of 0.2 mL (0.1 mL of each 
bacterial suspension). 
Examination of abscesses 
The effect of inoculation with GABHS combined with 
other bacteria was assessed by counting the CFUs of 
each organism in the abscess induced by the single or 
combined bacterial suspensions. Animals were killed by 
cervical dislocation 5 days after inoculation and the 
abscess material aseptically removed by complete 
excision. The abscess sites and histologies were 
confirmed in 2 mice from each experimental group by 
staining the tissue with hematoxylin and eosin. The 
number of CFUs of each microorganism in each 
abscess was determined individually. The abscesses were 
homogenized within a glove box in 1.0 mL of sterile 
saline in a ground-glass tissue homogenizer. Ten-fold 
serial dilutions of each homogenate were made with 
sterile saline, and 0.1 mL of each dilution was spread 
on three plates of enriched brain-heart infusion and 
three plates of blood agar. Colonies were counted 
after 48-h incubation in an aerobic and an anaerobic 
environment at 37°C to determine the number of each 
isolate in the abscess. The numbers of bacteria were 
expressed as loglo CFU. Characteristic colonies of 
Table 1 Changes in the number of group A P-hemolytic streptococcus (GABHS) and other bacteria 
in polymicrobial abscesses 5 days after inoculation of bacterial suspensions 
Changes in numbers of organisms (CFU ? SD) 
Bacteria co-inoculated with GABHS GABHS" (9.1 f 0.8)" Other bacteriaa 
Aerobic and facultative 
Staphylococcus aureus (8.8f0.9) '' 
Haemophilus influewrae type b (6 .8kl . l )  
H. injuenzae non-type b (6.8fl . l)  
Klebsiella pneurnoniae (7.5f 1.3) 
Peptostreptococcus magnus (6.520.8) 
Peptostreptococcui. preuotii (6.3k 1 .O) 
Fusubarterinm nucleatum (7.0 2 0.8) 
Porphyromonas asaccharolyticu (8.2f 1.3) 
Preuotella intermedia (0.820.9) 
Prrvotella melaninogenica (8.42 1.4) 
Bacteroides.fiagilis (8.3 20.9) 
Anaerobic 
2.220.h* 1.8 ?0.5* 
1.9?0.5* 2.3?0.4* 
2.0?0.4* 1.6k0.7 
2.4?0.6* 2.820.6* 
1.6f0.4* 
2.720.8* 
3 .2f l . l*  
2.5f0.8* 
2.6f1.0* 
2.1 +0.5* 
2.6*0.4* 
0.4k0.2 
0.620.4 
1.0f0.5 
0.820.2 
1.220.4 
2.2?0.3* 
2.4f0.7* 
* p < 0.05. 
a = change in loglo CFU compared with CFU in abscesses induced by the organism alone; 
b = in parentheses, log,<, CFU2SD of organisms in abscesses induced by the organism alone 
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all organisms wei-e identified by Gram’s stain and 
biocheniical tests [6,7]. Student’s t test was used for the 
statistical analysis. 
other aerobic bacteria, except for H. irlpuenzae non- 
type b, in mixed infections was much more enhanced 
than the growth of most anaerobic bacteria, except for 
P melaninogenica and B. jiagilis. 
The results of this study highlight the importance 
of the aerobic, facultative and anacrobic bacteria RESULTS 
All of the organisms studied caused abscesses that 
formed within 24 to 72 h of inoculation. The abscesses 
reached a maximum diameter of 12 to 18 mrn within 
5 to 7 days, and began to drain after 10 to 20 days. The 
maximum diameters of abscesses caused by the mixed 
infections were larger (22 to 24 mi) than those caused 
by a single niicroorganism (1 2 to 15 mm). 
Histological examination of the abscesses revealed 
a central area of necrotic cells, fibrin and bacteria 
surrounded by a band of leukocytes and a distinct 
collagen capsule. The niortality associated with abscess 
formation was variable, but low (< 5%) for all 
challenged mice. Only mice that survived were 
included in the statistical analyses. The differences in 
the numbers of aerobic, facultative and anaerobic 
bacteria found in the single and mixed infections are 
presented in Table 1. 
For coinparisons of the mixed infections of 
GABHS and other bacteria, growth enhancement was 
defined as a statistically significant (p < 0.05) difference 
between the average CFU of a microorganism in a 
mixed infection and the average CFU of the same 
microorganisin in a single infection. O f  the 11 coin- 
binatioiis studied, GABHS was enhanced in 10 
conibinations, and the aerobic and facultative bacteria 
in 5; specifically, these were S. aureus, H.  inzuenzae type 
b, K.  pneumoniae, P melaninofenica and B. ja,gilis. There 
was no inhibition of any of the organisms studied 
(Table 1). 
DISCUSSION 
A mutual symbiotic enhancement of growth of 
GAUHS was observed with all except one aerobic, 
facultative or anaerobic microorganism used in the 
study. This finding is consistent with a previous 
observation of synergistic potential between GABHS 
and associated anaerobic bacteria recovered from tonsii 
cores as well as other infectious sites [I-31. This type of 
synergy may also occur in clinical infections and 
enhance the virulence of CABHS and other co- 
pathogens. However, the clinical significance of these 
findings has yet to be determined. 
Although the mechanism(s) of synergy between 
the various niicroorganisms may differ, certain general 
trends were observed. The GABHS grew at a faster rate 
in mixed infections, and the growth of GABHS and 
frequently found in association with GABHS i n  clinical 
infections. With the one exception of H. in$ucuzae 
non-type b, the presence of other bacteria significantly 
enhanced GABHS growth. However, it must be noted 
that only cornbinations of two organisms each were 
used, which may not truly reflect those clinical 
infections wherein more than two isolates are generally 
recovered from infected sites 191. 
The tnutual enhancing potential of GABHS a i d  
other bacteria demonstrates the pathogenic potential of 
these microorganisms. Such mutual enhancement may 
be due to protection from phagocytosis and intra- 
cellular killing [ 101, production of essential growth 
factors [1 11 or lowering of oxidation/reduction 
potentials in host tissues [12]. Many of the micro- 
organisms found mixed with GABHS in core tonsillar 
tissue are potential P-lactaniase producers [ 1-31, and the 
production of P-lactaniase has been demonstrated to 
shield such enzyme-producing microorganis~ns as well 
penicillin-susceptiblc GABHS from penicillin [ 131. 
The findings in our study indicate that an additional 
factor that niay aggravate tonsillar infection is the 
direct synergy between GABHS and these aerobic a n d  
anaerobic pathogens. 
Antimicrobial agents, such as lincomycin, clinda- 
mycin and the combination o i  amoxicillin plus 
clavulanic acid, directed a t  eradication of GAUHS and 
other associated niicroorganisnis in recurrent and 
chronic tonsillar infections have been shown to be 
more efficacious than penicillin [ 14-17]. The superior- 
ity of these antimicrobials over penicillin was explained 
by their activity against GABHS as well as p-lactamase- 
producing aerobic and anaerobic bacteria found in core 
tonsillar tissues 11 81. Whether the management of acute 
GAUHS tonsillar and other infections can be improved 
by agents directed at  bacteria other than GAUHS i 5  
worthy of further study. 
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The opinions and assertions contained in this 
report are those of the authors and do not represent the 
views of the Navy Department or Naval Service a t  
large. 
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